Abstract An analytical solution to the three-dimensional scattering and diffraction of plane SV-waves by a saturated hemispherical alluvial valley in elastic halfspace is obtained by using Fourier-Bessel series expansion technique. The hemispherical alluvial valley with saturated soil deposits is simulated with Biot's dynamic theory for saturated porous media. The following conclusions based on numerical results can be drawn: (1) there are a significant differences in the seismic response simulation between the previous single-phase models and the present two-phase model; (2) the normalized displacements on the free surface of the alluvial valley depend mainly on the incident wave angles, the dimensionless frequency of the incident SV waves and the porosity of sediments; (3) with the increase of the incident angle, the displacement distributions become more complicated; and the displacements on the free
Introduction
In the recent three decades, the seismic responses of a local irregular site have drawn much attention of geotechnical engineers, seismologists and earthquake engineers. It has been observed that the sediment conditions of a local site have significant effects upon amplification of ground motions during earthquakes. One of the examples is the Michoacon, Mexico, earthquake in 1985 [1] . As reported in [1], two strong shocks caused a middle level destruction in the areas near the epicenter, but more severe damages in the Mexico City, which is far from the epicenter and located on a thick bathtub soft clay stratification. It was reported that the earthquake-induced ground motion of basin is magnified six times or even more, and the aggregation and magnification of seismic waves in the basin is the main reason for the serious damages. Similar phenomena were also observed during the Lima, Peru, earthquake [2] . Till now, the motion magnification of an irregular alluvial valley during an earthquake has not been well simulated and understood.
Since Trifunac [3] proposed a two-dimensional analytical solution to the scattering of plane SH waves by a semi-circular canyon, numerous two-dimensional approaches have been proposed for the analysis of the effects of surface topography and geological conditions on elastic wave propagation [3] [4] [5] [6] [7] [8] . A few attempts have also been made to investigate the three-dimensional cases [9] [10] [11] [12] [13] . Among these, Lee [11, 12] developed an analytical solution to the three-dimensional scattering and diffraction of plane waves by hemispherical canyons and hemispherical alluvial valleys, using Fourier-Bessel series expansion technique.
All aforementioned analytical solutions are for seismic waves propagating in a single-phase elastic medium. In reality, the irregular soft clay deposit would be more reasonably simulated as a two-phase porous medium than as a single-phase medium. To date, only a few two-dimensional models [14, 15] have been developed to investigate the scattering and diffraction of plane waves by a saturated circular cylindrical canyon, and these two-dimensional models do not adequately represent the realistic conditions of a hemispherical alluvial valley. Thus, a three-dimensional model is desirable for the scattering and diffraction of plane waves by a hemispherical alluvial valley.
In this paper, an analytic solution to the three-dimensional scattering and diffraction of plane SV waves by a hemispherical alluvial valley is derived. The Biot's dynamic theory for saturated porous media [16] is employed to simulate soft clay deposit in the hemispherical alluvial valley, and the half space is considered as a single-phase elastic medium. A comprehensive comparison is made between the present two-phase model and the previous single-phase model, and a parametric study is conducted to examine the influences of the local site condition on the amplification of earthquake-induced surface displacements.
Theoretical formulations

Boundary value problem
We consider a three-dimensional problem of scattering and diffraction of SV waves with incident angle δ by a soft saturated hemispherical alluvial valley with a radius r = a inlaying the half-space, as depicted in Fig. 1 . The half-space is assumed to be a single-phase elastic homogeneous and isotropic medium, while the hemispherical alluvial valley is a two-phase homogeneous saturated porous medium. Note that the hemispherical alluvial valley was considered as a one-phase elastic medium in previous investigations [11, 12] . The geometry of the model is described with spherical coordinates (r, θ , φ), as shown in Fig. 2 . The rectangular coordinate system is employed simultaneously and the relation between the two coordinate systems is shown in Fig. 2 . 
in which m, n = 0, 1, 2, . . . , and m ≤ n; k is the wave number, k = ω/c, in which ω is the harmonic frequency; P m n (μ) is an associated Legendre polynomial with μ = cos θ ; Z (j) n (j = 1, 2, 3, 4) denote the spherical Bessel and Hankel functions as follows:
